We obtained the near-infrared (NIR) high-resolution (R ≡ λ/∆λ ∼ 20, 000) spectra of the seven brightest early-type stars in the Cygnus OB2 association for investigating the environmental dependence of diffuse interstellar bands (DIBs). The WINERED spectrograph mounted on the Araki 1.3m telescope in Japan was used to collect data. All 20 of the known DIBs within the wavelength coverage of WINERED (0.91 < λ < 1.36µm) were clearly detected along all lines of sight because of their high flux density in the NIR wavelength range and the large extinction. The equivalent widths (EWs) of DIBs were not correlated with the column densities of C 2 molecules, which trace the patchy dense component, suggesting that the NIR DIB carriers are distributed mainly in the diffuse component. On the basis of the correlations among the NIR DIBs both for stars in Cyg OB2 and stars observed previously, λλ10780, 10792, 11797, 12623, and 13175 are found to constitute a "family", in which the DIBs are correlated well over the wide EW range. In contrast, the EW of λ10504 is found to remain almost constant over the stars in Cyg OB2. The extinction estimated from the average EW of λ10504 (A V ∼ 3.6mag) roughly corresponds to the lower limit of the extinction distribution of OB stars in Cyg OB2. This suggests that λ10504 is absorbed only by the foreground clouds, implying that the carrier of λ10504 is completely destroyed in Cyg OB2, probably by the strong UV radiation field. The different behaviors of the DIBs may be caused by different properties of the DIB carriers.
INTRODUCTION
Diffuse interstellar bands (DIBs) are ubiquitous absorption bands detected in the spectra of reddened stars. Recent surveys have discovered more than 500 DIBs in the near-UV to near-infrared (NIR) wavelength range (Jenniskens & Desert 1994b; Hobbs et al. 2008 Hobbs et al. , 2009 Geballe et al. 2011; Hamano et al. 2015) . Although no DIB carriers have been successfully identified, the absorption features might mainly be contributed by organic compounds (Sarre 2008) . Recently, some reseachers have attempted to directly identify the DIB carriers by measuring the absorption spectra of gas-phase organic molecules in the laboratory (Maier et al. 2011; Salama et al. 2011; Gredel et al. 2011) . Campbell et al. (2015) , in the first study regarding the successful iden-tification of DIB carriers, confirmed that ionized buckminsterfullerene (C + 60 ) is responsible for two DIBs at λ =9577 and 9633Å. These bands were originally proposed to coincide with the spectral features of C + 60 by .
Elucidating the behavior of DIBs in various environments would help us to identify the properties of the carriers (e.g., Jenniskens et al. 1994a; Vos et al. 2011) , and possibly enable new diagnostics of the physical parameters of gas clouds. The DIB equivalent width (EW) ratio λ5780/λ5797 is known to depend on the UV radiation field Vos et al. 2011; Kos & Zwitter 2013) . Because these DIBs are easily observed by optical spectroscopy, this ratio can indicate the UV radiation field of the gas clouds toward, for example, the extragalactic lines of sight (Sollerman et al. 2005) .
In dense clouds, some strong DIBs (e.g., λλ5780, 5797 and 6614) are relatively weaker than what is expected from the A V correlations. This is considered to be because the molecules are shielded from UV photons (Adamson et al. 1991 (Adamson et al. , 1994 Snow et al. 2002; Adámkovics et al. 2005) . On the other hand, some weak DIBs are suggested to be well correlated with C 2 column densities (Thorburn et al. 2003; Ádámkovics et al. 2005) . Welty et al. (2006) investigated DIBs originating from the interstellar clouds in the Magellanic Clouds, reporting that the three strong DIBs λλ5780, 5797, and 6284 become weaker by factors of ∼ 7-9 and ∼ 20, respectively, toward the Large and Small Magellanic Clouds than in the Galactic interstellar environment (see also Ehrenfreund et al. 2002; Sollerman et al. 2005; Cox et al. 2006) . They suggested that the DIBs are weakened by the lower metallicity and higher UV radiation in the Magellanic Clouds.
[1] The relations between DIBs and the other interstellar features, such as Na I D lines, Ca II H, K lines, and dust emission, have been examined by comparing their spatial distributions: van Loon et al. (2009) for extra-planer gas, Farhang et al. (2015) and Bailey et al. (2016) for the Local Bubble, and van Loon et al. (2013) and Bailey et al. (2015) for LMC. As such, these extensive new observations are gradually shedding new light on the dependence of DIBs on environment.
NIR observations are advantageous for exploring DIBs toward stars with high extinctions.
Therefore, they should also prove useful for investigating the environment-dependent properties of DIBs (Adamson et al. 1994) . NIR DIB observations have been limited because the performance of NIR high-resolution spectrographs (e.g., spectral resolution and sensitivity) is lower than that of optical spectrographs. However, NIR spectrography has progressed sufficiently to enable highsensitivity searching for NIR DIBs (Geballe et al. 2011; Cox et al. 2014; Rawlings et al. 2014; Zasowski et al. 2015; Hamano et al. 2015) . We are advancing the first comprehensive DIB survey in the NIR wavelength range using a newly developed high-resolution NIR spectrograph WINERED . In our first paper (Hamano et al. 2015 , hereafter Paper I), we successfully identified 15 new DIBs in the range 0.91 < λ < 1.32µm. Seven of these DIBs were reported as DIB candidates by Cox et al. (2014) . We suggested two DIB families (one consisting of λλ10780, 10792, and 11797, and the other consisting of λλ10504, 12623, and 13175), whose EWs are highly correlated (correlation coefficients are > 0.9; see Paper I).
In this paper, we investigate the environmental dependence of NIR DIBs from the high-resolution spectra of seven early-type stars in Cyg OB2 newly obtained with the WINERED spectrograph. Cyg OB2, located at the distance of ∼1.5 kpc from the Sun (Hanson 2003) , is one of the most massive clusters or OB associations in our Galaxy. Statistical analysis of 2MASS survey data suggests as many as ∼ 2600 OB stars in this association (Knödlseder 2000) . Despite its proximity, Cyg OB2 is known to be veiled with heavy interstellar extinction. This large extinction is partly ascribed to the dust lane called the Great Cygnus Rift, located at an estimated distance of 850 ± 25 pc from the Sun (based on color-magnitude diagrams of the Cyg OB2 region; Guarcello et al. 2012 ). According to Wright et al. (2015) , who calculated the individual extinctions of 164 OB stars (including our targets), the extinctions of Cyg OB2 members generally have a range of 4-7 mags, with a median A V of 5.4 mag, although the extinction of No. 12 is anomalously large (A V = 10.2 mag). The large spread of the extinctions might be caused by foreground extinction and/or intra-cluster extinctions (Wright et al. 2015) . Cyg OB2 is known as one of the best lines of [2] sight for detecting weak DIBs with high accuracy because of its large extinction (Chlewicki et al. 1986 ).
The gas clouds along lines of sight have been extensively investigated from the absorption lines of various small molecules, such as C 2 , CN, CO, and H + 3 (McCall et al. 1998; Geballe et al. 1999; Gredel et al. 2001) .
The mm-wave emission lines of CO and CS have also been investigated (Scappini et al. 2002; Casu et al. 2005; Scappini et al. 2007 Gredel et al. (2001) derived the density as n = 600 ± 100 cm −3 . Dense gas clouds are also supported by the observed CO emission lines (Scappini et al. 2002) . The abundances of CO, C 2 , CN and CH can be explained by the chemistry induced under high X-ray fluxes from early-type stars in the association (Gredel et al. 2001 ). As such, the clouds toward Cyg OB2 have complex density structures and are probably exposed to the strong fluxes of high-energy photons from OB stars, which would affect the EWs of the DIBs.
The rest of this paper is organized as follows. Section §2 describes our observations, targets, and the data reduction procedures, and §3 describes our search for NIR DIBs. In §4 and §5, we discuss the correlations among the NIR DIBs and the environmental dependence of the NIR DIBs toward Cyg OB2, respectively. The study is summarized in §6.
OBSERVATION, TARGETS, AND DATA REDUCTION
Data were collected withs the newly developed high-resolution NIR echelle spectrograph, WINERED Yasui et al. 2006 Yasui et al. , 2008 Kondo et al. 2015) , mounted on the F/10 Nasmyth focus of the Araki 1.3 m telescope at Koyama Astronomical Observatory, Kyoto-Sangyo University, Japan (Yoshikawa et al. 2012 ). WINERED uses a 1.7 µm cutoff 2048 × 2048 HAWAII-2RG infrared array with a pixel scale of 0.
′′ 8 pixel −1 , simultaneously covering the wavelength range 0.91-1.36 µm. We used a slit of length 48 ′′ and width 1. ′′ 6 (2 pix). This slit width corresponds to a spectral resolving power of R ≡ λ/∆λ = 28, 000 or ∆v = 11 km s −1 . Immediately prior to observation in August 2014, we installed an H-band blocking filter to decrease the thermal leak in the 1.7-1.8 µm range. The new filter successfully decreased the background noise, yielding spectra with high signal-to-noise ratio (S/N). However, the new filter was slightly bent by the tight mechanical mounting, causing a slight off-focus of the light on the infrared array. Consequently, the spectral resolution became R ∼ 20, 000, which is lower than the nominal value 9 . Because we here focus on the EWs of the DIBs, the lower spectral resolution does not significantly affect our results and following discussion.
We observed the seven brightest stars in the J-band in Cyg OB2 (No. 3, 5, 8A, 9, 10, 11, and 12) . The observations, which were made during September and October of 2014, are summarized in Table 1 . We also observed the telluric standard A0V-type stars at similar airmasses to the target airmasses. Although target No. 12 was previously observed by us (Paper I), the engineering array in that observation introduced large systematic noise. In the present study we re-investigate No. 12 for more accu-rate DIB EW estimates. Only the newly obtained data are analyzed in the present paper.
All data were reduced with IRAF using standard procedures, including sky subtraction, flat fielding, extraction of spectra, and wavelength calibration with Argon lamp spectra. To remove the telluric absorption lines, the target spectra were divided by those of the corresponding standard stars. Note that we did not remove the hydrogen and metal absorption lines in the standard stars, because these features are often contaminated by atmospheric absorption lines, which complicates their profile fitting and removal. Therefore, emission-like features appear in the divided spectra, which are fully identified and carefully considered when quantifying the EWs of the DIBs. For each echelle order, the spectra were normalized by a low-order Legendre function using the IRAF task, continuum.
NIR DIBS TOWARD CYG OB2
In Paper I, we analyzed 5 previously known DIBs and 15 newly identified ones. Therefore, we searched for these 20 DIBs in the obtained spectra of the seven stars in Cyg OB2. Owing to the large EWs and high S/N of the spectra, all DIBs were clearly detected toward all the observed stars. However, we removed three DIBs (λλ9577, 9633, and 10697) because their stellar absorption lines overlap, leaving 17 DIBs in the following analysis. Figures 1 -5 show the DIB spectra of all observed stars. As in Paper I, we calculated the EWs by a simple integration because the DIB profiles are not well established. The exception was DIB λ10504, whose EWs cannot be evaluated by simple integration because of blending with stellar lines. In this case, we estimated the EWs by Gaussian-fitting to the DIB profile. The wavelength range of the integration was arbitrarily set to include the whole DIB profile.
[3] The uncertainties of the EWs (σ err ) were estimated from the S/N of the neighboring continuum per pixel by the following equation:
where ∆λ is the wavelength interval per resolution elements (∼ 0.4Å), w is the width of the DIB in resolution elements. Additional systematic uncertainties introduced by continuum fitting, telluric absorption lines, and stellar lines were ignored. Table 2 summarizes the EWs of the NIR DIBs and their uncertainties. The EWs of λλ10780, 10792, and 12518 toward No. 5 could not be estimated because the stellar absorption lines overlap on the DIBs. The EWs of λ12518 toward No. 10 were also inestimable because of a spurious feature.
CORRELATIONS OF NIR DIBS TOWARD CYG OB2
In Paper I, we investigated the correlations among the NIR DIBs, some strong optical DIBs, and the reddening of stars. Consequently, we suggested two "families" of well-correlated DIBs. We suggested that the NIR DIBs in a family have similar physical properties or are chemically related to each other. The gas clouds toward most of the targets in Paper I (on average) are expected to reside in a uniform interstellar environment. Compared to the targets in Paper I, the lines of sight of Cyg OB2 are considered to reside in unique environments in view of their density structure and UV flux. Here we investigate the environmental dependence of these DIBs from their correlations in the Cyg OB2 environment.
An NIR DIB family
In Paper I, we suggested two families of NIR DIBs: 1) λλ10780, 10792, and 11797 as well as 2) λλ10504, 12623, and 13175. Figure 6 shows the correlations among the DIBs in each family, excluding λ10504, which will be discussed in the next subsection. The strong correlations in Paper I appear also in Cyg OB2. Table 3 lists the correlation coefficients calculated from the EWs in Paper I and in Cyg OB2. The correlation coefficients among the DIBs are comparable in Paper I and the present Cyg OB2 study. In addition, no distinct difference between the two families is evident. The five DIBs seem to be highly correlated, suggesting that they compose one "family." Note that the correlations between λ12623 and the other four DIBs are more dispersed than the other paired correlations (Fig. 6) ; thus, their correlations coefficients are lower than the other pairs (Table 3 ). The classifications of the two families in Paper I were based on the low correlation coefficients between the groups λλ10504 and 12623 as well as λλ10780, 10792, and 11797. Because the DIBs were weaker than those toward Cyg OB2, the correlation coefficients may have been affected by systematic uncertainties of the DIB EWs introduced by contaminated stellar absorption lines and telluric absorption lines. The large EWs of the DIBs toward Cyg OB2 clarify the correlations among the DIBs. The very tight correlations in the Cyg OB2 environment suggest some similarity in the physical and/or chemical properties of the DIB carriers of the five bands.
[5] However, we should keep in mind that the correlations for the lines of sight with large extinction may naturally become better because the difference of the ratios of the DIB EWs among the multiple clouds are averaged to be smeared out (Bailey et al. 2015) . It is impossible to resolve the multiple velocity components from the observed DIB profiles due to the intrinsically large width and the lack of the information on the intrinsic profile. For more convincing study of the DIB correlations, it is necessary to observe the single-cloud lines of sight and/or a number of lines of sight (Friedman et al. 2011). 4.2. λ10504: not a member of the family In Paper I, we suggested that λ10504 is also well correlated with λλ12623 and 13175, although the correlation coefficients were calculated from relatively few data points. Figure 7 shows the correlations between λ10504 and the family NIR DIBs. We also plot the least-squares regression lines calculated from the data in Paper I and the 95% confidence bands. The present correlations differ from those in Paper I; in particular, [6] the ratios of the EW of λ10504 to the EWs of the other DIBs in Cyg OB2 are smaller than those in the diffuse interstellar environment. Moreover, the EWs of λ10504 are almost constant across Cyg OB2, whereas those of the DIB family vary by a factor of two. [8] Note that the EWs of λ10504 in Cyg OB2 appears to be better correlated with those of λ12623 (correlation coefficient is ∼ 0.9) than with those of the other four family DIBs (correlation coefficients are ≤ 0.7), as is the same in diffuse interstellar environment.
The smaller EWs of λ10504 relative to the DIB family in Cyg OB2 could be explained by saturation of the Wavelength (•) 
Wavelength (•)
NI 10507 Figure 2 . Spectra of four DIBs (λλ10504, 10780, 10792, and 11797) from all targets. The notations are specified in Figure 1 except for DIB λ10504, whose EWs are estimated by fitting Gaussian profiles to the spectra (blue lines) to avoid blending of the stellar absorption lines of N I 10507. The signal-to-noise ratio of the spectrum at λ ∼ 10400Å. c The signal-to-noise ratio of the spectrum at λ ∼ 10400Å after the correction of telluric absorption lines. d Telluric standard stars used for the correction of the telluric absorption lines. e The column densities of the C 2 molecules adopted from Gredel et al. (2001) . 115.2 ± 5.9 − 78.9 ± 5.5 85.9 ± 4.0 140.7 ± 8.1 95.6 ± 9.6 81.9 ± 6.1 λ11797 347.8 ± 9.6 213.6 ± 8.3 220.6 ± 7.5 290.2 ± 6.8 401.3 ± 10.5 279.3 ± 10.3 270.0 ± 4.1 λ12293 65.1 ± 5.7 51.1 ± 4.4 49.2 ± 4.9 54.1 ± 4.0 93.5 ± 5.9 60.8 ± 6.8 40.4 ± 3.5 λ12337 239.1 ± 11.7 203.9 ± 6.2 129.1 ± 11.5 255.9 ± 7.4 208.2 ± 9.2 276.2 ± 19.2 270.5 ± 5.8 λ12518 33.4 ± 5.4 − 33.9 ± 4.8 29.2 ± 3.7 − 29.2 ± 5.9 41.5 ± 4.2 λ12536 78.1 ± 5.9 57.9 ± 6.4 73.5 ± 6.1 89.7 ± 5.5 92.7 ± 7.2 74.4 ± 7.8 54.5 ± 4.9 λ12623 245.5 ± 10.0 135.0 ± 10.6 110.7 ± 7.1 185.7 ± 7.6 183.4 ± 10.3 140.9 ± 11.2 159.0 ± 4.1 λ12799
158.0 ± 6.2 118.6 ± 6.8 62.3 ± 7.5 89.0 ± 4.5 78.5 ± 4.5 122.1 ± 9.2 94.8 ± 2.8 λ12861 97.1 ± 8.8 56.6 ± 4.8 79.4 ± 10.6 97.0 ± 5.7 130.5 ± 9.9 109.6 ± 8.3 77.6 ± 3.8 λ13027
155.3 ± 7.6 84.9 ± 7.9 145.5 ± 6.1 131.3 ± 5.7 240.6 ± 8.6 115.9 ± 8.3 106.0 ± 4.8 λ13175 1374.8 ± 16.8 949.8 ± 14.6 905.9 ± 12.9 1197.3 ± 14.0 1475.7 ± 15.8 1270.0 ± 18.5 1091.2 ± 9.0
Note. -The EWs are given in units of mÅ. The bars mean that the EW or upper limit of the DIB could not be evaluated due to the overlapped stellar absorption lines and/or the residual features of the telluric correction. Figure 3 . Spectra of four DIBs (λλ12293, 12337, 12518, and 12536) from all targets. The notations are specified in Figure 1. [4] Although λ12518 is detected in the spectrum of No. 5, the EW of λ12518 cannot be estimated because the neighboring continuum is affected by the strong He I 12527 line. Figure 5 . Spectra of DIB λ13175 from all targets. The notations are specified in Figure 1 . λ10504's absorption lines, which would cause the slower increase in the EWs of λ10504 than in the EWs of the other DIBs. Assuming full saturation of the absorption lines, the average EW of λ10504 in Cyg OB2 is 78.4 ± 5.4 mÅ, corresponding to a velocity width ∆v ∼ 2 km s −1 . Because this velocity width should include the intrinsic DIB width, the velocity dispersion of the multiple lines-of-sight components and the Doppler widths of the various velocity components, the calculated value of ∼ 2 km s −1 appears to be unrealistically small. Therefore, we conclude that λ10504 is not saturated, and that its EWs are decreased relative to the family by the column density of λ10504 carrier (alternatively, the EWs of the family are increased relative to λ10504) along the line of sight of Cyg OB2.

DISCUSSION
NIR DIBs correlations with C 2
Because C 2 is the simplest form of the carbon-based molecules, its relationship with DIBs is important for constraining the carriers. Thorburn et al. (2003) showed that some weak DIBs (such as λλ4936.96 and 5418.91) are well correlated with the column densities of C 2 molecules, suggesting that their carriers are chemically related to C 2 .Ádámkovics et al. (2005) showed that the carriers of the so-called "C 2 DIBs" are abundant in the cores of diffuse clouds, where the molecular fraction of hydrogen is high and some strong DIBs (e.g., λλ5780, 5797 and 6614) are weak. They suggested that the C 2 DIB carriers are distinct from the carriers of the strong DIBs, and occupy the denser cloud regions than the strong DIBs. Therefore, by correlating the DIBs with C 2 molecules, we can elucidate the density dependence of DIBs. Especially at NIR wavelengths, we can examine the DIBs in molecular clouds (Adamson et al. 1994 ).
The gas clouds toward Cyg OB2 comprise both diffuse and dense components. By correlating the DIBs against the C 2 molecules toward Cyg OB2, we can study whether the carriers of all 17 NIR DIBs are distributed in the dense component. From the C 2 (2,0) Phillips band around λ = 7720Å (Gredel et al. 2001) , the column densities of C 2 toward No. 5, 7, 8A, 9, 11, and 12 were estimated as 10 +3.5 −1.5 , < 3.3, 3.3, 5.2 ± 1, < 3.3 and 20 +4 −2
×10
13 cm −2 , respectively. Figure 8 shows the correlations between the NIR DIBs and C 2 column densities toward Cyg OB2. The column densities of C 2 toward Cyg OB2 widely vary, and all NIR DIBs are fairly strong along all observed lines of sight. Although only five lines of sight are available, none of the NIR DIBs are obviously correlated with C 2 . This suggests that the NIR DIBs are mainly contributed by the diffuse rather than the dense cloud component. We propose that all 17 of the NIR DIBs are distinct from "C 2 DIBs".
DIB λ10504 as an environment-sensitive line
In §4, λλ10780, 10792, 11797, 12623, and 13175 were found to constitute a family, whereas λ10504, which was originally suggested to be well correlated with this family, is not well correlated with the same DIBs in Cyg OB2. λ10504 would differ from the family if the λ10504 carrier decreased and/or the carriers of the family NIR DIBs increased. To elucidate the cause of this difference, we examined the E(B − V ) dependence of DIB λ10504 and the family NIR DIBs. Figure 9 shows the plots of EW -E(B − V ) for λ10504 and the family NIR DIBs. We also plot the least-square regression lines derived in Paper I.
[7] In §5.1, we suggested that the DIB EW is contributed only by diffuse components. On the other hand, the E(B − V ) is contributed by both diffuse and dense components.
To discuss the DIB EWs as a function of E(B − V ) contributed only from diffuse clouds, we estimate the E(B − V ) of dense component from the C 2 column densities. First, the H 2 column densities are estimated using the following log N (H 2 ) -log N (C 2 ) correlation derived for the translucent lines of sight by Sonnentrucker et al. (2007) 10 :
log N (C 2 ) = 1.79 log N (H 2 ) − 23.7
The C 2 and H 2 column densities are well correlated as far as C + is the dominant form of gas-phase carbon atoms because C + and H 2 are necessary for the formation of C 2 molecules by the interstellar chemistry (van Dishoeck & Black 1989; van Dishoeck et al. 1991; Sonnentrucker et al. 2007 ). Subsequently, the estimated H 2 column densities are converted to E(B − V ) using the following relation for diffuse interstellar clouds (Bohlin et al. 1978) :
where we assumed N (H I) = 0. The estimated E(B − V ) of dense component are summarized in Table 4 . The E(B − V ) of diffuse component toward each star are calculated by subtracting E(B − V ) of dense component from E(B − V ). Here, we assume that all the dense components can be traced only with C 2 and the column densities toward the stars of Cyg OB2 satisfy the relation (2). In Fig. 9 , we also plot the points using the resultant E(B − V ) of diffuse component (filled squares). As a result, the points of stars with C 2 detection, except for No. 12, appear to be consistent with the point of the star without C 2 detection, No. 11. Only No. 12, which is the most reddened star in Cyg OB2, is still located much lower than the regression lines for all DIBs in Fig. 9 . We will discuss this exceptional line of sight at the end of this subsection.
The EWs of λ10504 toward all observed stars in Cyg OB2 are smaller than that expected from the correlation; in fact, they are almost constant across Cyg OB2, consistent with the DIB -DIB correlations in Figure 7 . On the other hand, the family DIBs, except for λ12623, appear to be almost consistent with the regression lines except for No. 12. Therefore, we conclude that the difference seen in Figure 7 is mainly caused by the decrease of the λ10504 carrier rather than the increase of the carriers of the family NIR DIBs.
Only for DIB λ12623, the EWs are found to be stronger than expected from the regression line (except for No. 12) and rather appear to be systematically increasing as a function of E(B − V ) of diffuse component. The EWs of λ12623 in Cyg OB2 may have different dependence on E(B−V ) from λλ10780, 10792, 11797 and 13175 because the correlation coefficients between λ12623 and the four family DIBs are slightly smaller than those among the four family DIBs (Table 3) . However, it is necessary to increase the sample size to examine the possibility. Note that λ10780 EWs of Cyg OB2 for all objects but No. 12 also appear to be larger than expected from the regression line. However, the difference of the DIB EWs from the regression line is not statistically significant in view of the small number of points used to derive the regression lines. Considering the tight correlations between λ10780 and λλ10792, 11797, and 13175 (Fig. 6) , it is unlikely that only λ10780 has a different dependence on E(B −V ) in the Cyg OB2 environment.
DIB10504 EW (m•) EW (m•)
[9] In the studies of environmental tendency of optical DIBs, the EWs of some DIBs (e.g., λ6284) were also nearly constant as a function of the extinction (or EW/E(B − V ) ∝ E(B − V ) −1 ) in well-known dense regions, such as Orion molecular clouds (Jenniskens et al. 1994a) , ρ Ophiuchi cloud complex, and Taurus dark clouds (Adamson et al. 1991) . The dependence is suggested to be caused by the lower abundance of DIB carriers in the dense clouds, which are likely to have high E(B − V ) values. Such property is also seen in all NIR DIBs by the lack of any correlation with the C 2 column densities (see §5.1). Although the EW dependence of λ10504 of Cyg OB2 appears to be the same as the tendency in the dense regions at a first look, the cause is totally different because the carrier of λ10504 is not present even in the diffuse component of Cyg OB2. Wright et al. (2015) calculated the extinction distribution of OB stars in Cyg OB2 as A V = 4-7 mags (median A V = 5.4 mag). According to the regression line in Figure 9 , the average λ10504 EW (78.4 ± 5.4 mÅ) corresponds to E(B−V ) ∼ 1.2 mag (∼ 3.6 mag in A V ), similar to the lower limit of the extinction distribution. This suggests that the λ10504 carrier is not distributed in the diffuse component of Cyg OB2 but exists only in foreground diffuse clouds, such as the Cygnus Rift (Guarcello et al. 2012) . If the foreground interstellar clouds along the lines of sight uniformly cover the association, the EWs would be almost constant (as observed). The environmental dependence of DIB λ10504 may be attributed to the strong flux of the ionizing photons from early-type stars in Cyg OB2.
[10] Such decrement of DIB absorptions in the harsh environment is also reported by van Loon et al. (2013) for DIBs λλ4428 and 6614 near the OB associations within the Tarantula nebula. We suggest that these ionizing photons in diffuse clouds completely destroy the λ10504 carrier. The different behaviors from the family NIR DIBs are thus attributable to different stabilities of the carrier molecules.
In Fig. 9 , the EWs of No. 12 is much lower than expected from the regression lines even for the E(B − V ) of diffuse component. No. 12 is a luminous blue variable (LBV) candidate and known to be one of the most intrinsically luminous star in the Galaxy (Humphreys 1978; Clark et al. 2012) . The extinction of this star (A V = 10.2 mag) is extremely high compared to the other members of the cluster (4 < A V < 7 mag; Wright et al. 2015) . The cause of the extinction is not fully understood. Considering the extinction distribution of the early-type stars in Cyg OB2, the excess of the extinction must be A V > 3 mag. In view of the extinction gap between the EWs of family NIR DIBs and the regression lines in Fig. 9 , the color excess from dense component is roughly estimated as E(B −V ) ∼ 1.5 mag (∼ 5 mag in A V ). Whittet (2015) suggested that the excess of the extinction is caused by two or more translucent clouds because the ice absorption, which is expected for a single cloud of A V ≥ 5 mag, has not been detected in the spectrum of No. 12. 11 In fact, the absorption lines of CO and C 2 in the spectrum of No. 12 are detected in association with two velocity components at v LSR ∼ 7, 12 km s −1 (Scappini et al. 2002; McCall et al. 2002; Casu et al. 2005) . Because a large amount of carbon is transformed into CO in the dense regions of the translucent clouds, the C 2 absorption bands trace the H 2 molecules only in the surface. In fact, the density ranges traced by C 2 and 13 CO are not the same (McCall et al. 2002) . Therefore, E(B − V ) contributed from dense component for No. 12 may not be able to be estimated only by the C 2 column density. Whittet (2015) estimated the extinction of molecular clouds from N ( 13 CO) toward this star as A V ∼ 1 mag, which is still less than the excess, suggesting that the high UV intensity results in molecular abundances lower than those are typical for a given density regime. Due to the relatively complex structure of the line-of-sight clouds compared to the other stars, the extinction of No. 12 contributed from the translucent clouds cannot be estimated straightforwardly.
Implications for the NIR DIB carriers
In Paper I, we suggested that the family of NIR DIBs arise from cations, because the DIBs are better correlated with λ5780.5 than with λ5797.1 and become stronger along the σ-type lines of sight (tracing the surface layer of diffuse clouds with strong UV fields) than along the ζ-type lines of sight (tracing the inner region of diffuse clouds with weak UV fields).
[11] Such environmental dependence of 5780.5 and 5797.1 are also shown by the recent DIB mapping studies in various environments by van Loon et al. (2009) for extra-planar gas, Bailey et al. (2015) for LMC, and Bailey et al. (2016) and Farhang et al. (2015) for the Local Bubble. By analogy to the λ5780.5 carrier, which appears to be a cation from the dependence of its EW on the ambient UV radiation field Cami et al. 1997; Vos et al. 2011) , we suggest that the family of NIR DIBs also arise from cations. This idea is compatible with the DIB-PAH hypothesis, which proposes that the ionized PAHs are the carriers which have their transitions in NIR wavelength range (Ruiterkamp et al. 2005; Mattioda et al. 2005; Cox et al. 2014) . Recently, in the first conclusive identification of DIB carriers, two DIBs at λ = 9577, 9632Å were assigned to the absorption features of interstellar ionized buckminsterfullerene (C + 60 ) Campbell et al. 2015) . Ionized fullerenes and their derivatives are also expected as the carrier sources of NIR DIBs.
In §5.2, we suggested that the λ10504 carrier is destroyed by the ionizing photons in Cyg OB2, whereas those of the family DIBs can survive the Cyg OB2 environment. We also suggested that the λ12623 carrier may be produced in Cyg OB2 ( §5.2). The destruction of the λ10504 carrier and possible production of the λ12623 carrier are probably caused by the strong UV flux in the Cyg OB2 environment. The different environmental dependence of these two DIBs and the family DIBs would be due to the difference of their carrier properties, such as the ionization state and the stability against the UV photon flux.
The full width at half maximum (FWHM) of λ10504 is ∼ 1.2 cm −1 , which is one of the smallest widths among 17 DIBs investigated in this paper, while the FWHM of λ12623 is ∼ 2.4 cm −1 , which is one of the largest. If the profiles of the DIBs are unresolved rotational contours, the widths are mainly determined by the rotational constants of the carriers (Cami et al. 2004; Oka et al. 2013) . Assuming that the geometries of molecules are similar, the band widths of the smaller molecules should be broader due to the larger rotational constants. Therefore, the λ10504 carrier would be larger than the λ12623 carrier. Then, we speculate that the photodissociation of the λ10504 carrier results in the production of λ12623 carrier.
SUMMARY
We investigated the environmental dependence of DIBs toward Cyg OB2 using WINERED spectrograph data. We observed the seven brightest OB stars in the J band in Cyg OB2, and detected all known NIR DIBs with large EWs toward all observed stars in the wavelength coverage of WINERED. Our findings are summarized below:
1. Five of the DIBs (λλ10780, 10792, 11797, 12623, and 13175 ) are well correlated, suggesting similar physical and/or chemical properties of their carriers.
2. The EWs of DIB λ10504, which were suggested to be well correlated with the family of NIR DIBs in Paper I, are almost constant toward Cyg OB2. In contrast, the EWs of the family of NIR DIBs vary by a factor of two. We attribute the different behaviors of the DIB λ10504 and the family to the environmental sensitivity of the DIB λ10504 carrier.
3. None of the NIR DIBs are correlated with the C 2 column densities, suggesting that the NIR DIB carriers are distributed mainly in the diffuse component rather than the dense component, in which the C 2 molecules are distributed.
4. Plotting the EWs of DIB λ10504 and the family DIBs as a function of E(B − V ), we found that λ10504 toward Cyg OB2 derivates from the linear correlation derived from the data in Paper I, becoming weaker than expected. This suggests that λ10504 differs from the family NIR DIBs in Cyg OB2 because its carrier is removed. According to the regression line in the plot, the average EW of λ10504 (78.4±5.4 mÅ) corresponds to A V ∼ 3.6mag, similar to the lower limit of the extinction distribution of OB stars in Cyg OB2. Therefore, the λ10504 carrier seems to be completely destroyed in Cyg OB2. Considering the high UV radiation field in Cyg OB2, we surmise that the carrier is removed by processes such as dissociation and ionization. Note. -a The column densities of the C 2 molecules adopted from Gredel et al. (2001) . b The column densities of the C 2 molecules adopted from Gredel et al. (2001) . 
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